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COMBINATION HAVING A WING WITH L0° OF SWEEPBACK AND
NACA FOUR-DIGIT THICKNESS DISTRIBUTION

By Jerald K. Dickson and Fred B. Sutton
SUMMARY

A wind-tunnel investigation has been conducted to determine the
effect of lowering the wing from the top of the fuselage to the bottom
of the fuselage on the longitudinal characteristiecs of a wing-fuselage
and a wing-fuselage-tail combination with the horizontal tail at verious
heights above the plane of the wing. The wing had 4o° of sweepback, an
aspect ratio of 7, NACA four-digit thickness distribution, and boundary-
layer fences. The tests were conducted through an angle-of-attack range
at a Mach number of 0.25 and a Reynolds numher of 8 million and at Mach
numbers from 0.25 through 0.92 at a Reynolds number of 2 million.

The effects of wing height on the longitudinal characteristics of
the model were small. The low-wing confiliguration generally had slightly
more drag, lower drag-divergence Maéh numbers, and slightly lower 1ift-
curve slopes than the high-wing configuration. Raising the horizontal
tail of the low-wing configurstion from the fuselage center line increased
the longitudinal stability and the 1ift coefficient for balance. This
increase of tail height slso increased the tail-control effectiveness by
about 60 percent at a Mach number of 0.80. When mounted on the fuselage
center line of the law-wing configuration, the horizontal tail was less
effective as a longitudinal control by 37 percent at 0.25 Mach number and
by 9 percent at 0.90 Mach number than when mounted on the fuselage center
line of the high-wing configuration. However, with the tail above the
fuselage center line the control effectlveness was nearly the same for
both wing positions.

!

INTRODUCTION

The longitudinal charsacteristics of wings suitable for long-range
airplanes capable of high subsonic speeds have been the subject of a
series of investigations In the Ames 12-foot pressure wind tunnel. Two
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twisted and cambered wings of relatively high aspect ratio having either
NACA four-digit or NACA 644 thickness distribution with %0°, 45°, and 50°
of sweerback have been investigated and the results are presented in
reference 1. The wing with four- digit sections was also tested in a
high-wing position on a fuselage “to determine ‘the effectid of various wing
fences on the. longitudinal-stability ‘characteristics of the wing-fuselage
and wing-fuselage-taill combinations. These resulis are presented in
reference 2.

The present phase of the investigations was undertaken to provide a
comparison of the longitudinal cheracteristics of low- and high-wing
configuraetions since many design considerations favor mounting the wing
near the bottom of the fuselage. The wing and fuselage of reference 2
were revised to permit the wing with 4o® sweepback to be mounted in a low
position on the fuselage. This combination was tested with the most
satisfactory boundary-layer fences of reference 2 and with an all-movable
horizontal tail at several helghts and angles of lIncidence.

NOTATION
A t ratio, 2o
aspect ratio, =—
sP ’ 58
a mean-line designation, fraction of chord over which design
load is uniform
atg lift-curve slope of the isglated horizontal tail, per deg
Syw+f lift-curve slope of the wing—fuselage combination, per deg
Sy T+t lift-curve slope of the wing-fuselage-tall combination, per deg
% . wing semispan perpendicular to the plane of symmetry
8,
Cp  drag coeificient, S
Cr 11ft coefficient, ;%gz
CLi inflection éift coefficient, lowest positive 1ift coefficient
at which —EE = 0.10 -
Cm pltching-moment coefficient about tne gqusrter point of the wing
mean aerodynemic chord, Pitsnizgcmoment

]
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o1

local chord parellel to the plane of symmetry

local chord perpendicular to the wing sweep axis
b/=
24d-
[ e2dy
b/2
f / c dy
0

section design 11ft coefficlent

mean aerodynemic chord,

Incidence of the horizontal tail with respect to the wing root
chord

1lift-drag ratio

tail length, longltudinal distance between the quarter points
of the mean aerodynemic chords of the wing and the horizontal
tall

free-~stream Mach number

free-gtream dynamic pressure

Reynolds number based on the wing mean aerodynamic chord

area of semlspan wing

area of semlispan horizontal teaeil

maximum thickness of section

z
horizontal-tall volume, E%EE
lateral distance from the plane of symmetry

angle of attack, measured with respect to a reference plane
through the wing root chord and the leading edge

angle of attack of the isolated horizontal tail

effective average downwash angle

taper ratlio, ratio of tip chord to root chord

angle of twlst, the angle between the local wing chord and the
reference plane through the wing leading edge and root chord

(positive for washin and measured in planes parallel to the
plane of symmetry)
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| raction of semispan, 575
nd(%%) tail efficiency factor (ratio of lift-curve glope of the hori-
zontal tall when mounted on the fuselage in the flow field
of the wing to the lift-curve slope of the isoclated horizon-
tal tail)
Subscripts —
T fuselage o : -
T tail
W wing
Model

The wing-fuselage and wing-fuselage-tail combinatlong investigated.
(fig. 1(a)) employed the L40° sweptback, twisted, and cambered wing of
reference 2, This wing was constructed of soclid steel and had an aspect
ratio of 7. The NACA four-digit thickness distribution was combined with
an a = 0.8 mean line having an ideal 1ift coefficient of 0.4 to form the
sections perpendicular to the reference sweep line (fig. 1(a)). The
thickness-chord ratios of these sectlons varied from 14 percent at the ..
root to 11 percent at the. tip as shown in figure 1(b). Twist of 5

(see fig. 1(b)) was built intc the wing by rotating the streamwise sections o

sbout the leading edge while maintaining the proJected plan form.

The fuselage used 1n the investigation was constructed of gluminum and
had a fineness ratio of 12.6 and semilcircular cross section. Coordinates
of the fumselage are glven in table I. The wing was located so that the
lower surface at the. root was tangent to the bottom of the fuselage. The
angle of incldence of the root chord with respect to the body axis was 3

The boundary-layer fences used on the upper surface of the wing
extended from 0.10 chord to the tralling edge. Detalls of the fences and
theilr spanwise locations are shown in figure 1(c).

The all-movable horizontal tail had NACA 0010 sections perpendicular
to the quarter-chord line, am aspect ratlo of 3, a taper ratio of 0.5, and
and a sweepback of 409 at the reference sweep line. The axis about which
the incidence of the horizontal tail was varied (53.4 percent of the tail
root chord) was perpendicular to the plane of symmetry either at or above
the fuselage center line. Vertical locations of the horizontal tall,
which were the same with respect to the fuselage center line as those of
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reference 2, correspond to heights of 13, 20, 26, and 33 percent of the
wing semispan above the plane of the wing root chord and leading edge.
The tail volume was 0.497 for all positions of the horizontal tail.

A photograph of the low-wing model mounted in the wind tunnel is
shown in figure 2 together with a photograph of the high-wing model of
reference 2. The turntable upon which the model was mounted connects
directly to the balance system.

COERECTIONS TO DATA

The data have been corrected by the method of reference 3 for con-
striction effects due to the presence of the tunnel walls, by the method
of reference I for tummel-wall interference originsting from 1ift on the
model, and for drag tares caused by aerodynsmic forces on the turntable
upon which the model was mounted.

The corrections to dynamic pressure, Mach number, angle of attack,
drag coefficient, and to piltching-moment coefficlent were the same as those
of reference 2 and are given in tsble IT.

TESTS

The wing-fuselage and the wing-fuselage-tall combinations were tested
with the wing and the best fences of reference 2. Tests were conducted
at a Mach number of 0.25 and a Reynolds number of 8 million and at Mach
numbers from 0.25 to 0.92 and a Reynolds number of 2 million. The height
and the angle of incidence of the all-movable horizontal tall were varied.

RESULTS AND DISCUSSION

The large improvements in the longitudinal stebility of the high-
wing (ref. 2), wing-fuselage combination obtained by use of fences on the
wing, indicated that any extensive investigation of the low-wing combina-
tion should be conducted with fences on. All the data presented in this
report were obtained with the best fences of reference 2 instelled on the
wing.

Wing-Fuselage Combinations

Low-speed results.- The effects of wing height on the longitudinal
characteristics of the wing-fuselage combinations are shown for a Mach
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number of 0.25 and & Reynolds number of 8 million in figure 3. The low -
wing gave a slightly lower lift-curve slope and slightly greater gtability
than the high wing. The lower value of lift-curve slope for the low wing .
probably stems from chenges 1n span loading similar to those shown in
reference 5 for an unswept wing. A similer change in span lcading, on a
swept wing, would move the center of pressure outward and reerward and '
produce the slight increase in longitudinel stability shown.

Less drag was indlcated at 1ift coefficients below about 0.4 for the
high position of the wing than for the low position; however, at higher
11ift coefficients the low-wing configuration usually had slightly less
drag. These effects are shown to good advantage by the lift-drag ratios
presented in figure 4. Figure 4 also comperes 1ift-drag ratios for
Reynolds numbers of 2 million and 8 million. As was eXpe€cted from the
fence-on data of reference, 2, the effect of increasing Reynolds number
was small, although the low—wing configuration benefited slightly more
than did the high-wing configuration from ﬁhe increase in Reynolds number.

- - ——a

High-speed results.- The longitudinal characteristics of the low-
wing and high-wing configurations are compared in figure 5 for Mach numbers
from 0.25 to 0.92 apd & Reynolds number of 2 million. The effects of wing
height on 1ift and piltching moment were small at most Mach numbers. The
effect of Mach nuwber on the inflection lift coefficients and the 1lift- _
curve and pitching-moment-curve slopes of the two configurations are shown :
in figures 6 and 7, respectlvely. The variation of these parameters with b
Mach number was generslly similar for both wing positions; however, the
low-wing configuration had slightly lower inflection 1lift coefficlents -
except at Mach numbers near critical speed, At a 11ft coefficient of :
0.4 the low-wing configuration was slightly more stable than the high—
wing configuration at most Mach numbers. - -

The drag characteristics of the low-wing and high-wing configurations
sre compared for several Mach numbers in figures 5(b) and 5(d). At the
lower 1ift coefficients, less drag was indicated for the high wing than
for the low wing. The differences in drag increased with increasing Mach L
number. This effect is best shown by the data in figures 8 and 9 which ) o
show the variations with Mach number of drag coefficient for several con-
gstant 1ift coefficients and the maximum lift-drag ratlo. The data in
figure 8 show that the Mach numbers for drag dlvergence (defined at
(dCp/dM)=0.10) are somewhat lower for the low wing than for the high wing.
The Mach numbers for drag divergence with thelr corresponding drag coef-
ficients are compared for the two wing positions in the following table:

Bl
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0.10__[0.20__[0.30 CLo.E’o 0.50_[0.60
fow Giveor Jra8 10,90 [o.91 [0.871 lo.85k [0.820 |0.79%
VB | ok (ch/gﬁ)= 0.10) | +0200| .0232| .0236| .0269| .0310/ .0368
High ﬁivgggegggg --- .892 | .866 | .846 | .801
15 | (ot (acp/a = 0.10) | - - - .0219| .0258| .0321| .0381

It should be pointed out that no attempt was made to improve the drag
characteristics by use of fillets at the wing-fuselage juncture. A modi-
fication of this kind would probably be more beneficial to the low-wing
configuration than to the high-wilng configuration.

Wing-Fuselage-Tall Comblnstions

Longitudinal characteristics with a horizontal tail.- The longitud-
inal characteristics of the wing-fuselage-tail combination having the low
wing are presented in figures 10 through 13 for several tail heights and
angles of incidence. These figures slso show the wing-fuselsge data of
figures 3 and 5. Generally, the addition of the tail resulted in small
increases in lift-curve slope and drag; these were of approximately the
same magnitude as those shown for the high-wing configuration (ref. 2).
The inflection 1ift coefficlents were generally higher with the tail on
than with it off. Figure 1 compares the variation of inflection 1Lift
coefficlient with Mach number for the low- and high-wing combinations with
a horizontal tall. These variastions were generally simlilar for both wing
positions, and show that usually the low-wing combination had lower inflec-
tion 1ift coefficients than the high-wing configuration.

The factors which determine the tail contribution to the stability
are shown in figure 15 as a function of angle of attack for several Mach
numbers, Reynolds numbers, and horizontal-tail heights. The method used
to calculate the effective downwash angle €, the tail efficiency factor
ﬂt(Qt/Q): and the ratlo of the lift-curve slope of the isolated tail to
the lift-curve slope of the wing-fuselage combinsation at/aw+f, was the
same as that of reference 2. The wing-fuselage force data presented in
Figures 3 and 5 and the isolated tall data of reference 2 were used for
these computations. These results show that the improvement in the
pitching-moment charscteristics at the higher 1ift coefficients due to
adding the taill were mostly a result of an increase in the factor at/&w+f
with increasing 1ift coefficient in a manner which offset the reduction
in stebility of the wing-fuselage combination at high 1ift. This was
generally true at all Mach numbers. The varistions with Mach number of
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the various factors affecting the stability contribution of the horizontal
tail and the variation of the tail-control effectiveness parameter JCp/dit
are compared at asn angle of attack of U° in figures 16 and 17 with data
from reference 2 for the high~wing configuration.

Effects of tail height.- The pitching-moment characteristics for
several tail heights at several Mach numbers are presented in figure 18.
Ralsing the tall of the low-wing combination above the fuselage center
line (0.13 b/2) generally increased slightly the longitudinal stsbility
and the 1ift coefflclent for balance. The effect of railsing the tail on
the factors affecting the stability contribution of the tail 1s shown
in figure 15. Raising the tall resulted in increases 1n the rate of change
of downwash with angle of attack; however, this destabilizing effect of
increased tail helght was more than compensated far by increases in tail
efficiency factor nt(qt/q). Figure 17, which shows the tail-control
effectiveness parameter oCpR/diy as a function of Mach number, indicates
that for the low wing at a Mach number of 0.80 an improvement of about
60 percent in tail-control effectiveness resulted from raising the hori-
zontal tail from the fuselage center line (0.13 b/2) to a position above
the center line (0.20'b/2). Further increases in tall height resulted
in no significant changes in the control effectiveness. Figure 17 also
shows that the horizontal tail on the fuselage center line (0.13 b/2) of
the low-wing conflguration was a less effechtlve longitudinal control than
the tail on the fuselage center line (O b/2) of the high-wing configuration
by about 37 percent at a Mach number of 0.25 and by about 9 percent at a

Mach number of 0.90. These differences were due mostly to the adverse _. .

effect of lowering the wing on the dynamic pressure at the tall resulting
from wing-fuselage interference. The tall-control effectiveness was nearly
the same for both the low- and high-wing combinations with the horizontal
tail above the plsne of the wing root chord. ' T

CONCLUSIONS

A wind-tunnel investigation has been made of a low-wing, wing-fuselage
combination with and without a horizontal taill. The wing had cawber,
twist, 40° of sweepback, and fences on the upper surface. The results
of the investlgatlon are compared with those of a previous investigation
with the wing mounted high on the fuselage. The following conclusions are
indicated:

1. The effects of wing helght were small; although the low-wing
configuration had generslly higher drags and lower drag-divergence Mach
numbers than the high-wing configuration.

2. The low-wing configurstion had slightly lower lift-curve slopes
but greater 1lift near zero angle of attack than did the high-wing con~
figuration. ' :
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3. Raising the horizontal tail of the low-wlng configuration gener-
ally increased the longitudinal stebility and the 11ft coefficlent for
balence. Raising the tall 0.07 b/2 gbove the fuselage center line resulted
in an increase of sbout 60 percent in the effectiveness of the horizontal
tail as a longitudinal control at a Mach number of 0.80. Further increases
in tail height had only small effect on the control effectiveness.

4. When mounted on the fuselsge center line, the horizontal tail of
the low-wing configuration was less effectlve as a longitudinal control
by ebout 37 percent at 0.25 Mach number and by about 9 percent at 0.90
Mach number than when mounted on the fueelage center line of the high-
wing configuration; however, the tail-control effectlveness was nearly
the same for both configurations with the tail above the fuselage center
line. - : '

Ames Aeronautical Laboratory
Natiocnal Advisory Committee for Aeronautics
Moffett Field, Calif., March 30, 1955
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TABLE I.- FUSELAGE COORDINATES

Distance from nose, | Radlus,
in. in.
0 o]

1.27 1.04

2.54 1.57

5.08 2.35
10.16 3.36
20.31 o4k
30.47 4,90
39. 4k 5.00
50.00 5.00
60.00 5.00
70.00 5.00
76.00 4.96
82.00 4.83
88.00 h.61
94.00 L o7
100.00 3.77
106.00 3.03
126.00 0
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TABLE TT.- CORRECTIONS TO DATA

(a) Corrections for constriction effects

Corrected Uncorrected decorrected
Mach number | Mach number| Quncorrected
0.25 0.250 1.003
.60 .599 1.006
.70 .696 1.007
.80 .793 1.010
.83 .821 1.012
.86 .848 1.015
.88 .866 1.017
.90 .883 1.020
.92 .899 1.02k

(b) Corrections for tunnel-wall interference
N = 0.455CT,
ACp = 0.00662¢12

ACmta1l off = KaCLigiy ore
ICpy
Almtail on = KiCltasy ore - [(KéCLtail on ~ A) 51;]

where:

Mach number K1 Ko
0.25 0.0027 [ 0.72
.60 .0038 | .74
.70 003 | .76
.80 .0okg .79
.83 0050 | .80
.86 .0053 1 .83
.88 0054 | .84
.90 .0056 .86
.92 0057 § .88

11
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Notes:

(1) Wing sections perpandicular to the
sweep axis have NACA OOXX thick-
ness distributions combined with an
NACA a = QB (modified) mean line,
cp, ™ 04,

(2) Horizontal tall sections perpendicular
to tha sweep axls have NAGA | g3 |
00I0 thickness distributions,

(3} All dimenslons In Inches and araas
in squdre feet.

A=700 A=04
S =592 A= 05
Sy= 1.05 Vi» 0497

0EDGaY WY YOUN

Sweep axes and
/4 lines

104 ‘ 08 !
|
e L
[ o
Hinge axas

W

7042

16,32

Ses table I for
fuseloge aoordinates 7 z (2.28)

— = SR
| ~ _ j \ -
—-‘3_0__. I 2 &~4.90)

'94 ‘ I
1268.00

(a) Model dimensions,

Figure 1.~ Geometry of the model.
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(¢) Fence detalls end locations.

Flgure l.~ Concluded.
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(a) Low~wing model. (b) High-wing model.
Flgure 2.- Photographs of the models.
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Figure 3.~ The effect of wing height on the longitudinal characteristics of the wing-fuselage
combinations at low speed; M = 0.25, R = 8,000,000,
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Figure 4,- The effect of wing height and Reynolds number on the lift-drag ratio of the wing-
fuselage combinations at low speed; M = 0.25.
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Figure 5.~ The effect of wing height on the longitudinal characteristica of the wing-fuselage
camblnations at several Mach mumbers; R = 2,000,000,
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(v) .Cp, ve. Cp
Figure 5.- Continued.
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Figure 5.~ Continued.
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Figure 6,~ The variation of Inflection 1ift coefficient with Mach number for the low- and high-
wing, wing-fuselage combinations; R = 2,000,000,
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Figure T7.- The variation with Mach number of the 1lift-curve and pitching-
moment-curve slopes of the low- and high-wing, wing-fuselage combina-
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Figure 8.- The variation with Mach number of the drag characteristics of
the low- end high-wing, wing-fuselage combinatlons at several constant
1ift coefficients; R = 2,000,000.
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Figure 9.- The varistion with Mach number of the maximm lift-drag ratio

and 1ift coefficilent for meximum 1lift-drag ratio of the low- and high-
wing, wing-fuselage combinations; R = 2,000,000.
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